Pigs are the major animal reservoir for Yersinia enterocolitica strains, which are potentially pathogenic for humans. The goals of this study were (i) to estimate the individual animal and on-farm prevalences of Y. enterocolitica in hogs based on tonsil samples collected during National Animal Health Monitoring System Swine 2002 study and (ii) to use these data with data previously published for fecal samples to determine on-farm risk factors for Y. enterocolitica. Tonsil swabs (1, 218) and fecal samples (2, 847) were collected on 124 farms located in the top 17 pork-producing states. Ten percent of tonsils (122 of 1,218 samples) were positive in irgasan-tiraci Ili n-chlorate (ITC) enrichment broth by real-time PCR, but only 5.6% of samples (68 of 1,218) were positive after subculture on the more selective cefsulodin-irgasan-novobiocin (CIN) agar. For tonsils, the on-farm prevalence based on real-time PCR detection of the ail gene in ITC enrichment broth cultures was 32% (32 of 100 premises sampled); the prevalence based on subculture in CIN agar was 19.6% (20 of 102 premises). Results of bacteriological isolation and real-time PCR analysis of tonsils and feces were combined to estimate prevalence (individual animal and farm), which was subsequently correlated with 40 farm management practices. Four factors and their accompanying odds ratios (ORs) were identified in the final regression model: location in a central state (OR = 0.3), vaccination for Escherichia coli (OR = 3.0), percentage of deaths due to scours (OR = 3.5), and presence of meat or bone meal in grower-finisher diet (OR = 4.1).
Yersinia enterocolitica is a major human foodborne pathogen that causes -87,000 human cases and --1,100 hospitalizations each year in the United States (26) . Casecontrol studies have linked outbreaks of human yersiniosis to consumption of raw or undercooked pork and to contaminated water, milk, and vegetables (8, 15, 21, 22, 31, 35) . A comprehensive literature review attributed clinical yersiniosis in Europe to pork consumption (13) . In the United States, outbreaks linked to pork have been attributed to chitterling (hog intestines) preparation (cleaning) during the holiday season, with yersiniosis reported in children in Atlanta, Chicago, Baltimore, Detroit, and Tennessee (1, 2, 19, 23, 24) . In one U.S. outbreak, the attack rate for infants under 1 year of age was more than 40-fold higher than that for older age groups; African Americans were up to seven times more susceptible than Caucasians (19) . Postpasteurization contamination of milk with hog feces was suspected in two milk-associated outbreaks (3, 33) .
In 2005, FoodNet, which monitors eight bacterial foodborne pathogens in 10 states representing 44.5 million people or 15% of the U.S. population, recorded a 49% decrease in human yersiniosis (cases per 100,000 population) from 2002 to 2005 (10) . This decrease may be attributed to the overall decline in pork-associated foodborne cases (17) . In * Author for correspondence. Tel: 515-663-7291; Fax: 515-663-7536; E-mail: irene.wesley@ars.usda.gov. t Mention of trade names or commercial products in this article is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the U.S. Department of Agriculture.
2005, although the national average yersiniosis case rate per 100,000 population was estimated at 0.36, regional differences were noted between California, with the highest incidence (0.89 cases per 100,000 population) to New Mexico, with the lowest (0.11 cases per 100,000 population) (10) . Pigs harbor Y. enterocolitica serotypes 0:3, 0:8, 0:9, and 0:5 (10) , which are clinical serotypes, and thus pigs are major livestock reservoirs of human pathogenic strains (5, 8, 11, 16, 21, 29, 36) . Virulent strains of Y enterocolitica carry the ail gene, which encodes the adherence and invasion protein (27, 32) . In a previous survey of U.S. hogs in the Midwest, au-positive Y. enteroco/itica isolates were identified on 28% of hog farms and in 13.2% of hog samples (16) . Of five human bacterial foodborne pathogens present in hogs and pork, Y. enterocolitica was considered of major importance to the pork industry (12) .
Because swine are the major animal reservoir of Y enterocolitica strains pathogenic for humans, there is a need to monitor hogs for the au-positive strains of this pathogen. Once a baseline is established, continued surveillance may be used to assess the effectiveness of on-farm pathogen reduction programs. The U.S. Department of Agriculture (USDA) Animal and Plant Health Inspection Service (APHIS) National Animal Monitoring System (NAHMS) Swine 2000 study was designed to provide baseline information on swine health. The study included on-farm sampling and a management questionnaire, and up to 1,000 operations from the top 17 hog-producing states were can-vassed, representing 92% of the U.S. hog inventory and 75% of operations. This study provided access to livestock samples to estimate on-farm risk factors for Y. enterocolitica in U.S. hogs. We previously estimated a 13.1% prevalence of V. enterocolitica in U.S. hogs based on combined real-time PCR and conventional isolation results from hog feces (7) . We also serotyped and determined virulence attributes for a subset of porcine fecal isolates (n = 109) and documented the presence of Y. enterocolitica serotypes 0:3 (75.2%) and 0:5 (24.8%), 98.2% of which exhibited virulence attributes indicative of their potential to infect humans (6) . Therefore, the goals of this study were to screen a statistically valid number of market-weight hogs for aupositive V. enterocolitica in tonsil swabs and combine these data with those obtained from fecal samples to better estimate the carrier status of individual market-weight hogs and the overall farm prevalence. With this large sample, we also attempted to identify production practices that may be potential risk factors for infection of U.S. hogs with Y. enterocolitica.
MATERIALS AND METHODS
Field collection. On-farm sampling by USDA-APHIS federal and state field veterinarians was conducted from August through October 2000 and in the spring of 2001. Sampling of a subset of hogs during the NAHMS 2000 study assured a random sampling of U.S. swine located in the top 17 pork-producing states: Arizona, Colorado, Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Carolina, Ohio, Oklahoma, Pennsylvania, South Dakota. Texas, and Wisconsin (7). The proportion of samples collected from each state reflected that state's contribution to the overall national swine population. Assuming a 5% prevalence of Y. enterocolitica in hogs in the Midwest (16) , this sample size estimated the prevalence of Yersinia in hogs with a 95% probability. Tonsil swabs were attempted from up to 12 late finishing pigs per site on 115 sites. Fecal sample collection was described previously (7) . In some instances, both tonsil and fecal samples were collected. Sampling was conducted on 124 premises. Results of fecal sampling (2,847 samples) update data shown in an earlier study (with 2,793 samples). Fecal sampling was included because these samples were collected as part of the risk assessment.
Sample enrichment. Oropharyngeal (tonsil) swabs were collected from hogs (n = 1,218) using Copan swabs, placed in Amies transport medium (Starswab, Starplex Scientific, Etobicoke, Ontario, Canada), and shipped via overnight mail to the National Animal Disease Center (NADC; Ames, Iowa). Upon arrival, tonsil swabs were enriched in 10 ml of irgasan-tiracillin-chlorate (ITC) medium for 2 days at room temperature. After enrichment, 100 Ill of the ITC culture was streaked onto Yersinia-selective cefsulodin-irgasan-novobiocin (CIN) agar and incubated at 25°C for 48 h. One typical Yersinia "bull's eye" colony from each CIN plate was selected for confirmation via the 5' fluorogenic assays as previously described (20) . Fecal samples were processed at both the NADC and the Eastern Regional Research Center (ERRC), as described previously (7). DNA extraction. DNA was prepared from all the ITC enrichment cultures. A 1-ml aliquot of ITC culture was centrifuged for 2 min at 10,000 X g, the supernatant was carefully removed, and the remaining pellet was resuspended in 200 jil of PrepMan sample preparation reagent (PE Applied Biosystems, Foster City, Calif.). The tubes were vortexed to resuspend the pellet, the contents were boiled at 102°C for 10 min and centrifuged for 2 mm at 10,000 X g to pellet cell debris, and the supernatant was transferred to a clean microcentrifuge tube and stored at -20°C. DNA also was extracted from the presumptive Yersinia colonies on the CIN plates using the PrepMan reagent and stored at -20'C until used for PCR analysis.
Fluorogenic 5' nuclease PCR conditions. The probe and primer sequences specific for the Y. enterocolitica ail gene have been described (20) . For DNA amplification, each PCR mixture contained 3.5 MM MgC12, 0.2 mM concentrations of each deoxynucleoside triphosphate, 1.25 U of AmpliTaq Gold DNA polymerase (PE Applied Biosystems), and 1 X GeneAmp PCR Gold Buffer (150 mM Tris-HCI and 500 mM KC; PE Applied Biosystems). Optimal concentrations of both the forward and reverse primers (300 nM) and probe (200 nM) were used to screen the tonsil samples. Five microliters of DNA template was added to yield a total reaction volume of 50 p.l. The thermal cycling conditions were as follows: 95°C for 10 mm, 35 cycles of 95°C for 15 s (denaturation) and 58°C for 1 mm (primer annealing and extension), and then an indefinite hold at 25°C (20) . PCRs were performed in a 96-well format with the PE ABI PRISM 7700 Sequence Detection System (PE Applied Biosystems). Cycle 33 was set as an arbitrary cutoff point (20) . Thus, any sample with a cycle threshold (CT) of less than 33 and that showed logarithmic amplification was scored as positive. Any sample with a CT greater than 33 or that did not exhibit sufficient amplification was scored as negative.
Data management. Real-time PCR and culture data for tonsil samples (NADC) and combined fecal sample data from ERRC and NADC were entered into the Excel spreadsheet and forwarded to the USDA APHIS Center for Epidemiology and Animal Health for analysis. Entries in the Excel file summarized tonsil and fecal data for each farm processed by either the NADC or ERRC laboratories.
Definition of outcome. The NAHMS-Final Summary spreadsheet of results contained for each farm the number of tonsils and fecal samples tested and the number of samples positive by ITC and CIN. A site (herd or farm) was classified as positive if any of these methods identified at least one positive sample.
Questionnaire. A questionnaire, designed by the USDA National Agricultural Statistics Service and modified from the NAHMS Swine 1995 study, assessed general farm management practices. Questionnaires were completed on each of three faceto-face interviews. Producers who completed the questionnaire were invited to participate in the on-farm testing phase of the NAHMS Swine 2000 study. Response rates and a profile of participants can be found in the Swine 2000, part III, reference report (37) .
Development of final logistic regression model. A logistic regression model was constructed for each variable exceeding the screening cutoff P value of <0.25 controlling for region. Variables were placed in the full model when the Wald chi-square statistic had a P value of <0.25. The likelihood ratio testing the global null hypothesis for the full model was 0.006, indicating that some or all of the variables contributed to a model that was significantly better than a model in which with all coefficients were 0. A reduced model was generated based on the four variables that contributed most to the significance of the full model, i.e., those with a Wald chi-square value greater than 2 (and therefore P < 0.1). The reduced model is not significantly different from the full mod- el because the estimated chi-square value with 3 degrees of freedom is less than the chi-square value for cs = 0.05. Therefore, the reduced model is presented as the final logistic regression model for estimating risk factors associated with sites positive for Yersinia. Table 1 ). The individual animal prevalence based on tonsil swabs (10%, as estimated from PCR results; 5.56%, as estimated from culture results) was less than that reported previously for hogs at slaughter in the Midwest (13.2%) (16) . A farm was scored as positive when a single Y. enterocolitica au-positive animal was detected. Estimated farm prevalence was 32% (32 of 100 farms) based on PCR amplification of the ail gene in ITC enrichment cultures of tonsil swab samples but only 19.6% (20 of 102 farms) based on conventional bacteriological culture of these tonsil samples. The 32% on-farm prevalence estimate in this study based on PCR screening of tonsil samples enriched in ITC is comparable to the 28.2% of positive groups of hogs (n = 103 lots) reported for the Midwest based on culture of Y. enterocolitica from oro- No Yes pharyngeal samples (n --4,600) collected postexsanguination but prior to evisceration (16) . The contributions of marketing stress or lairage cross-contamination in that earlier study are unknown. In contrast, pigs in our study were sampled on the farm and therefore experienced no transport stress or potential antemortem cross-contamination while in the holding pens prior to slaughter. In addition, our study encompassed up to 17 major hog-producing states, whereas an earlier survey focused on pigs slaughtered at a single abattoir in the Midwest (16). In our study, tonsil samples were used because Y. enterocolitica recovery is generally higher in the oropharynx than in feces. In a kinetics study of experimental pig infections, fecal and tonsil samples were both positive during the first 21 days postinfection, and by day 49 postinfection <10% of pigs excreted V. enterocolitica in their feces (28) . However, at slaughter on day 70 postinfection, V. enterocolitica could be cultured only from tonsils but not from either the gastrointestinal tract or associated lymph nodes (28) . In a survey of freshly slaughtered Canadian hogs (n = 291), recovery of Y. enterocolitica 0:3 was higher from tonsils (24.1%) than from feces (5.8%) (36) .
RESULTS AND DISCUSSION

Determination
Individual animal prevalence was based on the assumption that a single pen floor fecal sample represented a single animal. Data for fecal samples were updated to better estimate the on-farm prevalence (7) ( Table 2 ). For feces, 13.1% of samples (372 of 2,847) were positive by PCR screening of the ITC fecal enrichment cultures, whereas 6.4% of samples (129 of 2,033) were positive when ITC enrichments were subcultured onto CIN agar. For farm prevalence, 50% of the farms were positive by PCR screening of ITC fecal enrichments, whereas results of subculture onto CIN agar revealed that 36.2% of premises harbored at least one V. enterocolitica au-positive pig. This finding suggests that plating onto a selective medium may compromise the recovery of Yersinia and that data based solely on selective plating may underestimate the prevalence of this pathogen.
The highly sensitive fluorogenic PCR assay detected the au-bearing strain of Y. enterocolitica with almost equal frequency in tonsil swabs (10.0%, 122 of 1,218 samples) and feces (13.1%, 372 of 2,847 samples). This finding suggests that oropharyngeal swabs may not be needed to gauge the prevalence of V. enterocolitica in the live hog.
Prevalence estimates for Y enterocolitica are consistently higher for PCR-based formats than for conventional isolation (7, 9, 14, 30) . However, PCR-based methods, which are regarded as more sensitive, may overestimate the number of viable Yersinia unless DNA released from dead cells is eliminated (39) . Incorporation of an enrichment step, e.g., in ITC broth, generates higher numbers of live bacteria to overcome PCR inhibitors present in pork or hog feces so that the resultant PCR data more accurately reflect the Yersinia population (18) . Both gel-based and real-time PCR formats have been used to evaluate Yersinia in meat (including pork) and in hog fecal and tonsil samples (5, 6, 9, 16, 20, 25, 38) .
Identification of on-farm factors linked to Yersinia
presence in swine. The overall on-farm prevalence was based on combining results from tonsils and feces. An estimated 45.1% of farms (55 of 124 premises) yielded at least one positive sample and thus were classified as positive for Y enterocolitica. The prevalence of positive sites was lower in northern and southern tier states (33 to 37%) in contrast to central "corn belt" states (57%). Sites sampled in the fall (initial veterinary medical officer visit) were less likely to be positive (40.7%) than were those sampled in the winter (59.3%) on the second visit, as observed previously when only feces were examined (7).
Questionnaires were sent to participating farms before field sampling. The responses to the questionnaires allowed researchers to identify 40 important on-farm management factors ( Table 3 ). The 12 risk factors, which were initially linked with either the presence or absence of Y enterocolitica in hogs (P < 0.25) are summarized in Table 4 . Factors related at the 90% probability level (P < 0.1) included antibiotics in the feed (P = 0.07), previous history of vaccination for E. coli (P = 0.09), pig deaths attributed to scours (P = 0.07), and location of farm in a central state (P = 0.04). The failure of pigs to thrive ("hitting the wall") because of porcine respiratory distress complex, which slows weight gain at 18 weeks, also was associated with V. enterocoljtjca (P 0.07). Use of meat or bone meal in grower-finisher diet was linked to V. enterocolitica (P = 0.10), but use of fish meal (P = 0.55) or of animal or vegetable fat (P = 0.18) in the grower-finisher diet were not. Access by rodents to buildings (P = 0.19), using either cats or dogs as rodent control (P = 0.78), and presence of livestock trucks coming on site (P 0.90) were not regarded as significant factors (P < 0.10), although these factors had been previously identified as risk factors in Denmark (34) . The percentage of pig deaths attributed to scours (P = 0.07) and vaccination for scours (P = 0.09) may reflect the overall health status of the herd. Yet the presence of Salmonella (P = 0.20), roundworms (P = 0.77), gastric ulcers (P = 0.30), hemolytic bowel syndrome (P = 0.74), and ileitis (P = 0.7) were not significant predisposing risk factors. We hypothesized that because Yersinia is present in other livestock transmission of the path-ogen to pigs could occur. However, accessibility of farm buildings to birds (P = 0.83), cats (P = 0.66), cattle (P = 0.88), sheep (P = 0.57), or goats (P = 0.92) and the presence of feral pigs in the county (P = 0.21) were not risk factors in this study. In two previous studies, researchers have attempted to identify on-farm risk factors for Yersinia. Anderson et al. (4) examined tonsil swabs of 2,218 freshly slaughtered pigs from 99 Danish farms and failed to identify any management practices that were significant correlated with the presence of Y. enterocolitica in hogs. In contrast, Skjerve et al. (34) screened 4,000 pigs on 250 farms in Norway with an enzyme-linked immunosorbent assay for Y enterocolitica 0:3. Serological titers were correlated with 250 management practices. Manual feeding and use of farrow-to-finish operations were identified as protective factors. In that same study, transportation of hogs to the abattoir in vehicles used by the farm (odds ratio[OR] = 12.9), presence of cats or kittens on the farm (OR = 2.41), and use of straw bedding (OR = 2.25) emerged as significant risk factors. In contrast, we found no correlation between Y enterocolitica in the herd and the presence of cats or transport vehicles on site.
The results of the present study, based on tonsil and final tabulation of fecal swab results, confirmed that virulent strains of Y. enterocolitica are present in U.S. swine with an overall on-farm prevalence of 45.1% (55 of 122 farms). Real-time PCR detected the ail gene in porcine tonsils (10.0%, 12 of 1,218 samples) and feces (13.1%, 372 of 2,847 samples). Ultimately, four risk factors were identified in the final regression model ( Table 5) : location in a central state (OR = 0.3), vaccination for E. coli (OR = 3.0), percentage of deaths due to scours (OR = 3.5), and presence of meat or bone meal in grower-finisher diet (OR = 4.1).
